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(57) Abstract: Methods and devices for placing a target 
vessel in fluid communication with a source of blood and a 
target vessel. A conduit includes first portion (12) adapted 
to be placed in fluid communication with a source of blood, 
such as a heart chamber, and a second portion (14) adapted 
to be placed in fluid communication with a target vessel 
having a lumen, such as coronary artery. The first and 
second conduit portions are transverse to each other such 
that the conduit is generally T-shaped (10). The conduit 
lies on an exterior of the heart between the blood source 
and the target vessel and is configured to deliver blood in 
multiple directions into the lumen of the target vessel. 
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CONDUITS FOR USE IN PLACING A TARGET VESSEL IN FLUID 
COMMUNICATION WITH A SOURCE OF BLOOD 

CROSS-REFERENCES TO RELATED APPLICATIONS 
This application is a continuation-in-part of application serial 
5 no, 09/023,492, filed on February 13, 1998 and entitled "Methods and Devices Providing 
Transmyocardial Blood Flow to the Arterial Vascular System of the Heart," the entire 
subject matter of which is incorporated herein by reference. This application is also a 
continuation-in-part of application serial no. 09/232,103, filed on January 15, 1999 and 
entitled "Methods and Devices for Forming Vascular Anastomoses," as well as 
10 application serial no. 09/232,062, filed on January 15, 1999 and entitled "Methods and 
Devices For Bypassing an Obstructed Target Vessel by Placing the Vessel in 
Communication with a Heart Chamber Containing Blood," the entire subject matter of 
both applications being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
15 1. Field of the Invention 

The invention relates to a conduit that is placed in fluid communication 
with a target vessel and a source of blood, and methods and devices for placing the 
conduit in fluid communication with the target vessel and the source of blood. 

2. Description of the Background Art 

20 Despite the considerable advances that have been realized in cardiology 

and cardiovascular surgery, heart disease remains the leading cause of death throughout 
much of the world. Coronary artery disease, or arteriosclerosis, is the single leading 
cause of death in the United States today. As a result, those in the cardiovascular field 
continue to search for new and improved treatments. 

25 Coronary artery disease is currently treated by interventional procedures 

such as percutaneous transluminal coronary angioplasty (PTCA), coronary stenting and 
atherectomy, as well as surgical procedures including coronary artery bypass grafting 
(CABG). The goal of these procedures is to reestablish or improve blood flow through 
occluded (or partially occluded) coronary arteries, and is accomplished, for example, by 

30 enlarging the blood flow lumen of the artery or forming a bypass that allows blood to 
circumvent the occlusion. What procedure(s) is used typically depends on the severity 
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and location of the blockage(s). When successful, these procedures restore blood flow to 
myocardial tissue that had not been sufficiently perfused due to the occlusion. 

An alternative, recently proposed treatment places the target vessel in fluid 
communication with a heart chamber containing blood, for example, the left ventricle. 

5 Blood flows from the ventricle into a conduit that is in fluid communication with the 
target vessel. Some of the challenges associated with these procedures include delivering 
and deploying the conduit in the patient's body, and in particular properly positioning the 
conduit with respect to the heart chamber and the target vessel, as well as obtaining 
beneficial flow characteristics through the target vessel. 

10 The improvement and refinement of existing treatments and the search for 

new treatments are indicative of the significant effort that continues to be expended in 
order to develop better and more efficient ways of revascularizing the heart. 

Accordingly, there remains a need in the art for improved methods and 
devices that are capable of being used quickly, easily and in a repeatable manner to carry 

1 5 out cardiac revascularization. 

SUMMARY OF THE INVENTION 
The invention provides methods and devices for placing a conduit in fluid 
communication with a source of blood and a target vessel. One preferred method 
according to the invention includes steps of placing a conduit having a lumen in fluid 
20 communication with a heart chamber containing blood, placing the conduit in fluid 
communication with the lumen of a target vessel and securing the conduit to the target 
vessel, delivering blood from the heart chamber into the conduit during at least one phase 
of the heart cycle, and permitting the blood to flow from the conduit into the lumen of the 
target vessel in more than one direction. 
25 Another preferred method is similar to the above-described method but 

includes the additional step of permitting the blood to exit the conduit unrestricted and in 
more than one direction in the lumen of the target vessel. 

Another preferred method includes steps of providing a conduit including 
first and second portions that are disposed transverse to each other and have lumens in 
30 fluid communication, the first conduit portion including at least one inlet and the second 
conduit portion including at least one outlet. The inlet of the first conduit portion is 
placed in fluid communication with a heart chamber containing blood to allow blood to 
enter the lumen of the first conduit portion, and the outlet of the second conduit portion is 
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placed in fluid communication with the lumen of a target vessel at a selected location in 
the target vessel to allow blood to flow into the lumen of the target vessel from the second 
conduit portion. The second conduit portion is secured to the target vessel at the selected 
location while substantially not moving the second conduit portion along a longitudinal 
5 axis of the target vessel. 

Still another preferred method includes steps of providing a conduit 
including first and second portions each of which has a lumen, wherein the first and 
second conduit portions are disposed transverse to each other with the lumens in fluid 
communication and the second conduit portion is at least partially collapsible, and placing 

10 the lumen of the first conduit portion in fluid communication with a heart chamber 
containing blood. The second conduit portion is at least partially collapsed and 
positioned within the lumen of a target vessel at a selected location in the target vessel, 
and is then expanded within the target vessel lumen at the selected location to secure the 
second conduit portion to the target vessel in fluid communication therewith. 

15 Yet another preferred method includes steps of determining a thickness of 

the patient's myocardium adjacent a heart chamber containing blood, placing a conduit 
having a lumen in the myocardium with the lumen of the conduit in fluid communication 
with the heart chamber containing blood, placing the conduit in fluid communication with 
the lumen of a target vessel and securing the conduit to the target vessel, and delivering 

20 .blood from the heart chamber into the conduit and allowing blood to exit the conduit and 
enter the target vessel in more than one direction. 

One preferred device constructed according to the invention includes a 
conduit having first and second portions, wherein the first and second conduit portions 
each have an axis and a lumen through which blood may flow, the axes of the first and 

25 second conduit portions being transverse to each other. The first conduit portion is 
configured to be placed in fluid communication with a heart chamber containing blood 
and includes at least one inlet configured to be at least partially positioned in myocardial 
tissue without collapsing during myocardial contraction, whereas the second conduit 
portion is configured to be at least partially positioned within the target vessel and 

30 includes at least one outlet adapted to deliver blood to the target vessel. The inlet of the 
first conduit portion is more rigid than the outlet of the second conduit portion. 

Another preferred device includes a conduit having first and second 
portions that are transverse to each other and have lumens in fluid communication. The 
first conduit portion has a longitudinal axis and is sized and configured to be placed in 

3 
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fluid communication with a heart chamber containing blood, and the second conduit 
portion has a longitudinal axis and is sized and configured to be placed at least partially 
within a target vessel in a patient's vascular system to deliver blood to the target vessel. 
The second conduit portion has first and second ends adapted to be positioned in the 
5 target vessel, and the longitudinal axis of the first conduit portion crosses the longitudinal 
axis of the second conduit portion at a location that is spaced different distances from the 
first and second ends of the second conduit portion. 

Another preferred device includes a conduit having first and second 
portions having respective axes that are transverse to each other, the first conduit portion 
10 having a free end configured to be placed in fluid communication with a heart chamber 
containing blood, and the second conduit portion having two free ends that are configured 
to be positioned at least partially within the lumen of a target vessel in the patient's 
vascular system. The conduit is formed at least in part of a molded thermoset or 
thermoplastic material having a predetermined amount of flexibility to permit the second 
15 portion of the conduit to be flexed for placement within the lumen of a target vessel. 

The invention also provides devices and methods for delivering a conduit 
configured to be placed in fluid communication with a target vessel and a source of blood. 
One preferred delivery device includes a suppojt shaft having a length, and a sheath 
having a length, a lumen, and a wall with at least one opening extending into the sheath 
20 lumen. The support shaft is sized and configured to be at least partially positioned in the 
sheath lumen so as to contact the sheath wall and substantially block the opening by 
preventing communication with the sheath lumen via the opening. The support shaft is 
movable within the sheath lumen to selectively block or unblock the opening in the sheath 
wall. A conduit is placed on the sheath and, with the opening unblocked, delivers blood 
25 into the sheath lumen for perfusing a vessel into which the distal end of the sheath is 
positioned. As a result, the device may be used to deliver blood to the tissue during 
deployment of the conduit, thereby minimizing ischemic time for tissue that heretofore 
was not perfused while carrying out the procedure. 

Another preferred delivery device is adapted to deliver a conduit for 
30 placing a target vessel in fluid communication with a source of blood, the conduit 
including first and second transverse portions each of which has an axis and a lumen. 
The first conduit portion includes at least one inlet configured to be placed in fluid 
communication with a heart chamber containing blood, and the second conduit portion 
includes at least one outlet configured to be at least partially positioned within the lumen 
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Figs. 9, 10, 11 and 12 are perspective views of conduits constructed 
according to other embodiments of the invention for placing a source of blood in fluid 
communication with a target vessel; 

Figs. 13A and 13B are perspective views showing a conduit constructed 
according to another embodiment of the invention for placing a source of blood in 
communication with a target vessel, the conduit being shown in its collapsed and 
expanded orientations, respectively; 

Figs. 14A and 14B are perspective views showing a conduit constructed 
according to still another embodiment of the invention for placing a source of blood in 
fluid communication with a target vessel, the conduit being shown in its collapsed and 
expanded orientations, respectively; 

Fig. 14C is an end elevation view of the conduit shown in Fig. 14A; 
Figs. 15, 16 and 17 are perspective views of conduits constructed 
according to other embodiments of the invention for placing a source of blood in fluid 
communication with a target vessel; 

Figs. 18A and 18B are, respectively, end and side elevation views of a 
conduit constructed according to another embodiment of the invention; 

Figs. 19A and 19B are, respectively, end and side elevation views of a 
conduit constructed according to yet another embodiment of the invention; 

Fig. 20A is a perspective anterior view of a heart and a conduit constructed 
according to one embodiment of the invention; 

Fig. 20B is a perspective view of the heart shown in Fig. 20A after the 
conduit has been deployed to cany out a coronary bypass procedure; 

Fig. 20C is an enlarged sectional view of a portion of the heart shown in 

Fig. 20B; 

Figs. 21A and 21B are perspective views of conduits constructed 
according to two.embodiments of the invention deployed in a heart to communicate a 
coronary vessel with a heart chamber containing blood; 

Figs. 22A and 22B are perspective views of conduits constructed 
according to two other embodiments of the invention deployed in a heart to communicate 
a coronary vessel with a heart chamber containing blood; 

Fig. 23 is a transverse sectional view of a heart showing the left and right 
ventricles and several coronary blood vessels; 
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of a target vessel to deliver blood to the target vessel. The delivery device includes a 
shaft with a lumen and at least one opening extending into the lumen, and the second 
conduit portion is mounted on the shaft. The shaft opening is movable into and out of 
alignment with the lumen of the first conduit portion, and is moved into alignment with 
5 the lumen of the first conduit portion to deliver blood to the shaft lumen. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be better understood from the following detailed 
description of preferred embodiments thereof, taken in conjunction with the 
accompanying drawing figures, wherein: 
10 Fig. 1 is a front elevation view of a conduit constructed according to one 

embodiment of the invention for placing a source of blood in fluid communication with a 
target vessel; 

Fig. 1 A is a transverse cross-sectional view taken along line A-A in Fig. 1 ; 

Fig. IB is apian view of the conduit shown in Fig. 1; 
15 Fig. 2 is a fragmentary front elevation view of the conduit shown in Fig. 1, 

wherein a portion of the conduit is removed to expose a reinforcing component; 

Fig. 3 is a fragmentary, front elevation view corresponding to Fig. 2 but 
isolating an alternative embodiment of a reinforcing component; 

Fig. 4 is a front elevation view of a conduit constructed according to 
20 another embodiment of the invention for placing a source of blood in fluid 
communication with a target vessel; 

Fig. 4A is a side elevation view of the conduit shown in Fig 4; 

Fig. 5 is a front elevation view of a conduit constructed according to 
another embodiment of the invention for placing a source of blood in fluid 
25 communication with a target vessel; 

Fig. 5A is a side elevation view of the conduit shown in Fig. 5; 

Figs. 6, 7 and 8 are perspective views of conduits constructed according to 
other embodiments of the invention for placing a source of blood in fluid communication 
with a target vessel; 

30 Fig. 8A is a longitudinal cross-sectional view taken through one end of the 

conduit shown in Fig. 8; 
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Figs. 24A-24D are elevation views, partly in section, schematically 
illustrating placement of a conduit in a target vessel according to one embodiment of the 
invention; 

Figs. 25A-25C are elevation views, partly in section, schematically 
illustrating placement of a conduit in a target vessel according to another embodiment of 
the invention; 

Figs. 26A-26C are elevation views, partly in section, schematically 
illustrating placement of a conduit in a target vessel according to yet another embodiment 
of the invention; 

Fig. 27 is a perspective view of a device constructed according to another 
embodiment of the invention for use in perfusing a target vessel while introducing a 
conduit into the vessel; 

Fig. 28 is an exploded perspective view of the device shown in Fig. 27, 
along with an additional member for sealing the device; 

Fig. 29A is a perspective view of the device shown in Fig. 27 with a 
conduit mounted thereon; 

Fig. 29B is an enlarged sectional view of the portion encircled in Fig. 29A; 

and 

Figs. 30A-30E are elevation views in section schematically illustrating the 
device and conduit shown in Figs. 29A-29B being used to place the conduit in fluid 
communication with the lumen of a target vessel. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention provides a conduit that is placed in a patient's body 
to establish a flow path between a source of blood and a target vessel, as well as methods 
and device for deploying the conduit. In a preferred embodiment, the source of blood is a 
heart chamber containing oxygenated blood and the target vessel is a coronary vessel 
(artery or vein). It will be recognized, however, that the invention may be used to form a 
blood flow path between other hollow body structures. Also, as used herein, source of 
blood refers to any blood-containing structure, while oxygenated blood refers to blood 
containing some level of oxygen. 

The lumen of the target vessel may be partially or completely obstructed 
by an occlusion and the conduit placed to form a flow path that bypasses the occlusion. 
Alternatively or additionally, the conduit may be used to create a supplemental blood 
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flow path that feeds into the target vessel to augment blood flow (native or other) already 
present in the vessel. 

The conduit of the invention may be configured in various manners. In its 
most preferred form, the conduit includes a first conduit portion having at least one inlet 
5 adapted to be placed in communication with a source of blood and a second portion 
having at least one outlet adapted to be placed in communication with the lumen of a 
target vessel The first and second conduit portions may be defined by a single unitary 
member or several members that are attached or formed into a desired configuration. The 
first and second conduit portions are transverse to each other and have lumens that meet 

10 at a junction. For example, the first and second conduit portions have respective axes that 
extend transversely to each other to form a predetermined angle, the angle preferably 
being within a desired range that achieves acceptable flow characteristics. 

Referring to Figs. 1 and 1 A-1C, a conduit constructed according to one 
preferred embodiment of the invention is indicated generally by the reference numeral 10 

15 and includes a first conduit portion 12 and a second conduit portion 14. The first conduit 
portion 12 has an inlet 16 that is placed in fluid communication with a source of blood, 
and the second conduit portion 14 has a pair of outlets 18 that are placed in fluid 
communication with a target vessel. It will be-appreciated that the first conduit portion 12 
may have more than one inlet and the second conduit portion 14 may have one, two or 

20 more outlets. The first and second conduit portions 12, 14 have lumens in fluid 
communication with each other. 

The illustrated conduit 10 is generally T-shaped with the first and second 
conduit portions 12, 14 meeting at a junction 20 such that their respective axes a, b are 
substantially perpendicular. It should be noted, though, that according to the invention 

25 the axes a, b of the first and second conduit portions 12, 14 could be disposed non- 

perpendicuiarly. For example, as discussed further below, rather than forming a 90° (or 
substantially 90°) angle, the axes a, b could extend transversely to each other to form an . 
acute or obtuse angle (depending on whether the angle is measured from the left or right 
side of the axis a, as viewed in Fig. 1). 

30 The first conduit portion 12 of the illustrated conduit 10 has a free end 22 

defining the inlet 16 while the second conduit portion 14 has a pair of free ends 24 
defining the outlets 18. The free ends 22, 24 may be integral extensions of their 
respective conduit portions or they may comprise separate members secured to the 
conduit. One or more of the free ends 22, 24 may have ends cut, beveled or tapered (or 
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otherwise configured) for easier introduction into the target vessel. The end 24 of the 
conduit portion 14 is preferably formed of a flexible, relatively atraumatic material (e.g., 
as discussed below) that will not damage the endothelial cells lining the intimal surface of 
the target vessel, particularly during placement of the device. 

The inlet 16 or outlets 18 may be located on the conduit 10 at a position(s) 
other than those shown in the Figures, e.g., at one or more points along the length of the 
conduit. Similarly, in the illustrated embodiment the first conduit portion 12 (axis a) is 
offset in that it does not bisect the second conduit portion 14 (axis b); this provides the 
second conduit portion with different size legs extending away from the first conduit 
portion. Configuring the target vessel portion of the conduit 10 with shorter and longer 
legs may be useful in introducing the conduit into the target vessel. It should nonetheless 
be recognized that the first conduit portion 12 may be centrally located along the axis b of 
the second conduit portion 14 to provide legs of equal length, or it may be offset from the 
axis b a greater distance than shown in Fig. 1. 

According to a preferred aspect of the invention, the conduit is provided 
with a reinforcing component having sufficient strength to ensure that the conduit remains 
open during use by preventing or reducing the likelihood of the conduit kinking or 
collapsing. The reinforcing component may be integrally formed with the conduit or it 
may comprise a separate member secured thereto. One embodiment of a reinforcing 
component 26 is shown in Fig. 1 (in phantom) and comprises a plurality of coils 28 which 
extend over the first and second conduit portions 12, 14. See Fig. 2, in which an external 
portion of the conduit 10 is omitted for clarity to expose the reinforcing component 26. 
As seen from Fig. 1 A, the reinforcing component 26 is preferably encased in the body of 
the conduit 10 which prevents contact between blood and tissue and the reinforcing 
component (coils 28 in this embodiment). 

In the illustrated embodiment, the spacing, as well as the size and material 
of construction, of the coils 28 may be used to determine the amount of structural support 
provided by the reinforcing component 26. As such, these variables may be selected to 
produce a conduit having desired characteristics. For example, one of the first and second 
conduit portions 12, 14 may be made more rigid or flexible than the other by varying the 
pitch of the coils, the thickness of the wire forming the coils, the material forming the 
coils, etc., on the portions. Further, the reinforcing component 26 may comprise a single 
coil, a first coil for the first conduit portion and a second coil for the second conduit 
portion, a first coil for the first conduit portion and two separate coils for the two free legs 
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of the second conduit portion, etc. Finally, it will be noted that the reinforcing component 
may have a non-coiled configuration, e.g., a stent or stent-like construction, a braided 
structure, etc., and may comprise one or multiple members. Exemplary materials include 
metals or alloys, such as titanium, stainless steel or nitinol, and non-metals, such as 
polymers or other synthetic materials. 

The second conduit portion 14 is preferably relatively flexible to allow it 
to yield slightly when placed in the target vessel and follow the contour of the target 
vessel (not shown in Figs. 1-3). The first conduit portion 12 may be more rigid than the 
second conduit portion 14, particularly if the blood source is a heart chamber and the first 
conduit portion 12 is placed in (or secured to) myocardial tissue. In this case, the first 
conduit portion 12 would preferably be relatively rigid to remain open during myocardial 
contraction. The junction 20 of the first and second conduit portions 12, 14 is essentially 
unreinforced in the embodiment shown in Figs. 1-2. The junction 20 may, however, be 
made selectively stiff or flexible, e.g., by disposing one or more coils 28 of the 
reinforcing component 26 at or adjacent the junction 20, as exemplified by the 
embodiment shown in Fig 3. 

It will be appreciated that the size of the conduit will vary depending on 
the application. Referring to Fig. 2, the first conduit portion 12 has a length LI, diameter 
Dl (or a different dimension if the cross-section is non-circular), while the second conduit 
portion 14 has a length L2 and a diameter D2. One or more of these dimensions may be 
changed to alter the flow characteristics that the conduit achieves in a given application, 
or to modify the conduit for use in different applications. 

Figs. 1-2 depict a conduit that is sized and configured for use in placing a 
coronary vessel in fluid communication with a heart chamber containing blood. The 
distal end of the first conduit portion 12 will preferably be reinforced by an additional 
component (not shown in Figs. 1-2, but see element 128 in Figs. 9-12) that is designed to 
remain open during systole once it has been placed in or secured to myocardial tissue. 
The additional reinforcing component may be positioned over a distal part of the first 
conduit portion 12 in telescoping fashion, or it may be secured to the end 22 of the first 
conduit portion 12 and extend axially away therefrom. 

According to another preferred embodiment of the invention, the second 
conduit portion comprises a tubular member that is only partially closed about its 
circumference, as opposed to a tubular member that is entirely closed about its 
circumference (as is the embodiment of Figs. 1-3). An exemplary conduit 30 constructed 

10 
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according to this embodiment is shown in Fig. 4 and includes first and second conduit 
portions 32, 34. The conduit 30 is generally T-shaped and may be defined by a single 
unitary piece or several discrete pieces of material suitable for use in forming a blood 
flow path, and will be sized depending on the specific application, as explained above. 
5 The first conduit portion 32 has an inlet 36 adapted to be placed in 

communication with a source of blcxi, while the second conduit portion 34 has a pair of 
outlets 38 for directing blood into the target vessel The first and second conduit portions 
32, 34 meet at a junction 40 having a desired amount of flexibility. For example, the first 
conduit portion 32 may be more rigid than the second conduit portion 34, while the 

1 0 second conduit portion 34 is more rigid than the junction 40. The first conduit portion 
has a free end 42 defining the inlet 36, and the second conduit portion has two free ends 
44 defining the outlets 38. The conduit 30 is provided with a reinforcing component 46 
including coils 48 that essentially correspond to the coils 28 of the reinforcing component 
26 described above with respect to the embodiment of Figs. 1-2. 

1 5 Referring to Fig. 4A, the second conduit portion 34 extends through an 

angle 9 to form approximately one half of a tubular member (9 being approximately 1 80° 
in the illustrated embodiment). This produces exposed ends or edges E on second conduit 
portion 34. It will be understood that the specific configuration of the conduit including 
the amount and location of material forming the conduit portions may be varied, for 

20 example, by varying the angle 9 or-modifying the profile of the edges E of the second 
conduit portion 34. 

Fig. 4A is a side elevation view of the conduit 30 and illustrates the 
relative dimensions of the first and second conduit portions 32, 34, as well as the edges E 
of the second conduit portion that result from removing a section of the tubular element. 

25 The coils 48 of the illustrated reinforcing component 46 extend beyond the edges E of the 
second conduit portion 34 and support the target vessel wall around its entire (or 
substantially entire) circumference. In this embodiment, the coils 48 (or other structure of 
the reinforcing component) extend 360° and, along with the second conduit portion 34, 
define a complete tubular element with openings between adjacent coils. The conduit of 

30 the invention may instead have a reinforcing component that supports less than the entire 
circumference of the target vessel wall. 

Figs. 5 and 5 A show a conduit 50 that comprises first and second conduit 
portions 52, 54 and has a construction that is essentially the same as that of the conduit 

11 
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30. The conduit 50, however, is not provided with a reinforcing component. As shown in 
solid lines in Fig. 5 A, the second conduit portion 54 is the same as the second conduit 
portion 34 of the conduit 30 shown in Figs. 4 and 4A in that each portion extends through 
an angle 0 to define approximately one half of a tubular member. It should be recognized 
that the second conduit portion may extend in an angular or circumferential direction 
more or less than that shown in Figs. 4A and 5 A. For example, Fig. 5 A shows (in 
phantom) a second conduit portion 56 extending over an angle <j) that is greater than the 
angle 0, the angle <j> being approximately 300°, which is only one example of the many 
possible conduit configurations. As an example, for use in treating coronary vessels, 
which typically will have a diameter in the range of 1 to 4 mm, the angles 0 and § are 
preferably in a range of from about 90° to 300°, more preferably 90° to 240°, and most 
preferably 180° to 240°. 

One benefit of the embodiment shown in Figs. 4-4A and 5-5A is that a 
relatively small amount of conduit material must be accommodated in the target vessel 
lumen, thereby providing more space to deliver blood. Another benefit is that when the 
second conduit portion is positioned within the lumen of a target vessel, a portion of the 
inner (posterior) wall of the target vessel remains relatively unobstructed by the conduit. 
As a result, in the case of a coronary artery as" the target vessel, for example, any septal 
perforators that lie beneath the conduit remain completely (or substantially) unobstructed 
to feed blood to the myocardial tissue. Further, any diagonal branches of the vessel that 
emanate from an area at (or near) the location of the second conduit portion also would 
remain unblocked by the conduit. Finally, the partial tubular conduit is flexible and may 
be used to treat different size vessels because the edges E of the second conduit portion 
may be positioned at various locations along a vessel wall. 

Moreover, this embodiment of the invention is particularly useful in 
treating the coronary arteries of patient's suffering from arteriosclerosis. That is, the 
inner or posterior wall of a diseased coronary artery will typically be covered with 
stenosis or plaque; as a result, contacting this area with a device may lead to various 
problems, such as dislodging stenotic material or damaging any healthy tissue that still 
exists. This embodiment provides conduits that are positioned within the lumen of the 
artery without contacting much of the diseased inner artery wall. 

This is in contrast to a conduit having a portion that substantially or 
completely covers the luminal surface of the wall of the target vessel, thereby covering 
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the inner vessel wall and restricting or blocking flow between the vessel and any diagonal 
branches or septal perforators. This aspect of the invention is described further in 
connection with the Figures below which illustrate exemplary methods of using conduits 
constructed according to the invention. Nonetheless, the conduit of the invention may be 
positioned transmurally if desired. 

The illustrated- conduits 10, 30, 50, comprises a single, unitary piece of 
material (excepting the reinforcing component) that has been formed into a desired 
configuration. This construction may be preferable to minimize the risk of material 
separation or other adverse effects to the structural integrity of the conduit. Nonetheless, 
the conduit of the invention may comprise several pieces of material secured together. 
Similarly, the reinforcing component may comprise a structural member integrally 
formed with or coupled to the conduit, or a reinforcing material added to or impregnated 
in the material forming the conduit. 

An exemplary conduit formed of discrete pieces of material is designated 
by reference numeral 60 in Fig. 6 and includes a first conduit portion 62 and a second 
conduit portion 64 which correspond, respectively, to the first and second conduit 
portions of the previous embodiments. As such, the first conduit portion 62 has at least 
one inlet 66 while the second conduit portion 64 has at least one outlet 68. The conduit 
portions 62, 64 are joined at a junction 70 by suitable means, e.g., adhesives, thermal 
bonding, mechanical attachment, etc.. The first conduit portion 62 has a free end 72 
defining the inlet 66 and the second conduit portion 64 has two free ends 74 defining two 
outlets 68. The illustrated conduit 60 does not include a reinforcing component coupled 
to or formed with the body of the conduit; however, the above-described reinforcing 
components may be used, or the conduit 60 may be partially or completely coated (or 
otherwise treated) with a layer of reinforcing material that prevents collapsing or kinking 
of the conduit. 

The first conduit portion 62 of this embodiment has an opposite end 76 
which is bifurcated into two flaps 78 each of which is secured to the conduit portion 64 
by any of the aforementioned means. The edges of the flaps 78 may be tapered or 
feathered (as shown) to make a smooth transition with the exterior of the second conduit 
portion 64, thereby minimizing the amount of material to be introduced into the lumen of 
the target vessel. It also may be preferable to minimize the wall thickness of the material 
used to further reduce the amount of material that must be accommodated when the 
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second conduit portion is placed in the target vessel lumen, without sacrificing 
preferential blood flow characteristics or the structural integrity of the conduit. 

Fig. 7 shows a conduit 80 constructed according to another embodiment of 
the invention. The conduit 80 includes first and second conduit portions 82, 84 secured 
5 together and having, respectively, an inlet 86 and a pair of outlets 88. The second conduit 
portion 84 has a pair of free ends 90 that define the outlets 88. The free ends 90 of the 
second conduit portion 84 are provided with reinforcing components 92 which engage 
and support the wall of the target vessel adjacent the outlets 88. 

Each reinforcing component 92 preferably has a beveled, slightly enlarged 

10 end 94, e.g., as a barb, for easy introduction into the target vessel lumen, although only 
one of the components 92 may be beveled and/or enlarged. Each component 92 also has 
a step 96 for receiving a suture (not shown) or other fastening means that may be used to 
enhance attachment between the second conduit portion 84 and the target vessel. It will 
be appreciated that the specific construction of the reinforcing components 92 and the 

15 conduit 80 may be different from that shown, e.g., grooves, slots, resilient collars, 
roughened surfaces, etc. 

Figs. 8 and 8 A illustrate a conduit 100 constructed according to another 
embodiment of the invention. The conduit 100 is similar to the conduit 80 and includes 
first and second conduit portions 102, 104 defining, respectively, an inlet 106 and a pair 

20 of outlets 108. The first conduit portion 102 has an end secured to the second conduit 
portion 104 at a junction 1 10 by any of the means described herein. The second conduit 
portion 104 has a pair of ends 1 12 defining the outlets 108, each end 1 12 being provided 
with a reinforcing component 1 14 to engage and support the wall of the target vessel 
adjacent the outlets 108 (Fig 8 A). 

25 The conduit 100 is constructed such that the reinforcing components 1 14 

do not come into direct contact with the luminal surface of the target vessel wall. As 
shown in Fig. 8 A, the reinforcing components 114 are disposed on the exterior of the 
second conduit portion 104; however, the ends 1 12 of the second conduit portion 104 are 
everted at 1 16 so as to capture the reinforcing components 114. This ensures that the 

30 material of the second conduit portion 104 (which has beneficial blood interface 
characteristics) contacts the blood flowing through the target vessel, rather than the 
reinforcing components 114. It will be understood that while the illustrated reinforcing 
components 1 14 are sleeves that extend around the circumference of the ends 1 12 of the 
second conduit portion 104, they could have a different construction, e.g., coil members, 
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and they could extend around a portion of the ends of the conduit portion, e.g., by placing 
a plurality of discrete members around some or all of the second conduit portion 104. 

Figs. 9-12 illustrate several conduits constructed according to further 
alternative embodiments of the invention. Fig 9 shows a conduit 120 including first and 
second conduit portions 122, 124 for communicating, respectively, with a source of blood 
and a target vessel. The conduit 120 has basically the same construction as the conduit 
100 described above, including reinforcing components 126 at the ends of the second 
conduit portion 124. The conduit 120 is configured for use in placing a coronary vessel 
in fluid communication with a heart chamber containing blood. To that end, the conduit 
120 is provided with a device 128 which is positioned in the myocardium (not shown in 
Fig. 9) and directs blood to the second conduit portion 124 and the target vessel. 

The device 128 is preferably capable of withstanding myocardial 
contraction during systole so that the conduit 120 remains .open during use. The 
construction and use of the device 128 may be in accordance with the teachings of co- 
pending, commonly-owned application serial no. 09/304,140, filed on May 3, 1999, and 
entitled "Methods and Devices for Placing a Conduit in Fluid Communication with a 
Target Vessel," the entire subject matter of which application is incorporated herein by 
reference. It will be recognized that the first conduit portion could be secured to tissue by 
other means, for example, suture, fasteners, clamps, clips, etc. 

Fig 10 shows a conduit 130 including first and second conduit portions 
132, 134, which, as in the previous embodiment, respectively communicate with a heart 
chamber containing blood and a coronary vessel. The conduit 130 includes reinforcing 
components 136 on the ends of the second conduit portion 134, as well as the device 128 
described above in connection with the previous embodiment. The conduit 130, rather 
than being generally T-shaped, has a different configuration due to the longitudinal axes 
(not shown) of the first and second conduit portions 132, 134 being arranged in a non- 
perpendicular fashion. 

Specifically, the first conduit portion 132 extends away from the second 
conduit portion 134 at an angle 9 which, in the illustrated embodiment, is approximately 
45°. It may be desirable to angle the first and second conduit portions with respect to 
each other to achieve different flow characteristics, the particular configuration shown in 
Fig 10 being exemplary only. The angle 0 is preferably within a range of from about 10° 
to about 90°, e.g., 15°, 30°, 45°, 60°, etc., and most preferably 45°. 
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Fig 1 1 shows a conduit 140 constructed according to yet another 
embodiment of the invention, the conduit 140 including first and second conduit portions 
142, 144. As in the previous embodiment, the first and second conduit portions 142, 144 
are respectively placed in communication with a heart chamber containing blood and a 
5 coronary vessel. Also as in the previous embodiment, the conduit 140 includes 

reinforcing components 146 on the ends of the second conduit portion 144, and the device 
128 for coupling the conduit to tissue. The conduit 140, and in particular the first conduit 
portion 142, is constructed with a preformed curvature 148 to aid in locating the second 
conduit portion 144 in a coronary vessel and the second conduit portion 142 in the 

10 myocardium. The curvature may be imparted to the conduit 140 in any suitable manner, 
for example, by forming the conduit on a curved mandrel. 

Fig 12 shows a conduit 150 constructed according to still another 
embodiment of the invention. The conduit 150 includes first and second conduit portions 
152, 154, and a device 128 for coupling the conduit to tissue. The second conduit portion 

15 154 has one or more beveled ends 1 56 (but not the reinforcing components included in 
the conduits 120, 130 or 140). The conduit 150 instead has a reinforcing component 157 
having a coiled construction that is the same as (or similar to) the reinforcing component 
26 described in connection with Figs. 1-2. Thd first conduit portion 1 52 has a preformed 
curvature 158 to aid in locating the second conduit portion 154 in a coronary vessel. The 

20 curvature 1 58, however, is less severe than the curvature 148 of the conduit 140. It will 
be appreciated that the conduits 140, 150 of Figs. 11 and 12 are only two examples of the 
many possible conduit shapes, as various degrees of curvature may be imparted to the 
first conduit portion. 

Figs. 13A-13B show a conduit 160 constructed according to still another 

25 embodiment of the invention. The conduit 160 has first and second conduit portions 162, 
164 for purposes explained above. The second conduit portion 164 in this embodiment is 
movable between collapsed (Fig. 13 A) and expanded (Fig. 13B) orientations to aid in 
introducing the portion 164 into the target vessel The second conduit portion 164 has a 
pair of free ends 166 provided with resilient elements 168 that permit the ends 166 to 

30 move longitudinally toward and away from the first conduit portion 1 62 while remaining 
generally aligned with the longitudinal axis of the portion 164. The illustrated elements 
168 are coil springs; however, alternative elements could be used, for example, self- 
expanding or balloon-expandable stents. The second conduit portion 1 64 may be 
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collapsed to the position shown in Fig. 13A for quick and easy introduction into the target 
vessel lumen and, once disposed therein, expanded to the position shown in Fig. 13B. 

Figs. 14A-14C show a conduit 170 which is constructed according to 
another embodiment of the invention and includes first and second conduit portions 172, 
174. As in the embodiment of Figs. 13A-13B, the second conduit portion 174 is movable 
between collapsed (Fig. 14A) and expanded (Fig. 14B) orientations to aid in introducing 
the conduit portion 174 into the target vessel. The second conduit portion 174 is 
constructed so that it may be collapsed in a radial direction, for example, by being folded 
as indicated at 176 in Fig. 14C, which reduces the profile of the portion 174 for easier 
introduction into the target vessel lumen. The second conduit portion may be self- 
expanding or it may be expanded by force applied, for example, by a balloon. While the 
illustrated second conduit portion 174 is not provided with resilient elements as in the 
previous embodiment, they could be included to aid in collapsing and expanding the 
portion 174. The second conduit portion 174 is placed in the target vessel and expanded 
to the position shown in Fig. 13B such that the ends 178 of the portion 174 engage the 
vessel wall. 

It should be recognized that the embodiments of Figs. 13A-13B and 14A- 
14C are illustrative in that a conduit constructed according to the invention may be 
collapsible in additional or alternative fashions. For example, with respect to the 
embodiment of Figs. 13A-13B, the second conduit portion 164 could be collapsed axially 
by folding or rolling each leg toward the first conduit portion 162. Similarly, with respect 
to the embodiment of Figs. 14A-14C, the second conduit portion 174 could be collapsed 
radially by folding or rolling the portion in a spiral fashion. Further, the second conduit 
portion could be collapsible axially or longitudinally, as shown in Figs. 13A-13B, as well 
as collapsible radially, as shown in Figs. 14A-14B, by utilizing a material that expands 
both radially and longitudinally. For example, the material disclosed in USPN 4,955,899 
may be used, the disclosure of which is incorporated herein by reference. 

Figs. 15-17 show conduits constructed according to other embodiments of 
the invention. The conduit 180 of Fig. 15 has a first conduit portion 182 and a reduced 
size second conduit portion 184. The length of the second conduit portion 184 is between 
one and two times the diameter of the first conduit portion 182. Fig. 16 shows a conduit 
186 including a first conduit portion 188 and a second conduit portion 190, the first 
conduit portion 188 having a restricted section 192 adjacent the conduit portion 190. 
Fig. 17 shows a conduit 194 that is generally L-shaped and includes first and second 
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conduit portions 196, 198. The first and second conduit portions 196, 198 meet at a 
junction such that the portion 198 slightly flares away from the portion 196, thereby 
engaging and sealing against the edges of the incision in the target vessel wall (not 
shown) to prevent blood leaking out of the lumen. 

Figs. 18A-18B and 19A-19B shows conduits constructed according to 
other embodiments of the invention. The conduit 200 (Figs. 18A and 18B) includes first 
and second conduit portions 202, 204, with a device 206 coupled to the portion 204 for 
communicating with the heart chamber. The first conduit portion 202 has an inlet 208 
and includes multiple bends 210a, 210b which serve to align the second conduit portion 
204 with the axis of the target vessel. The second conduit portion 204 includes one outlet 
212, which gives the conduit an L-shaped configuration, received in the vessel to deliver 
blood from the chamber into the vessel lumen. 

The conduit 220 (Figs. 19A and 19B) includes first and second conduit 
portions 222, 224 and a device 206 for communicating with the heart chamber. The first 
conduit portion 222 has an inlet 226, while the second conduit portion 204 has a pair of 
outlets 228, giving the conduit 220 a T-shaped configuration. The conduit 220 includes 
multiple bends 230a, 230b which are similar to bends 210a, 210b (described above) and 
serve to align the second conduit portion 224, and in particular the outlets 228, with 
respect to lumen of the target vessel. The bends 210a, 210b and 230a, 230b may be 
imparted to their respective conduit in various manners. For example, a mandrel having a 
shape and size complementary to that of the conduit may be dipped in a suitable 
biocompatible material, e.g., silicone, and then heated or subjected to other conditions to 
cause the material to set and form the desired conduit configuration. Two or more bends 
are preferably imparted to the conduit so as to lie in two transverse planes, for example, 
substantially perpendicular planes as in the embodiments of Figs 18A-18B and 19A-19B. 
It should be recognized, though, that the particular angular orientation used, as well as the 
overall configuration of the conduit, may be varied depending on the specific application 
and user preference. 

The multiple bends in the embodiments of Figs. 18A-18B and 19A-19B 
allow the conduit communicating with the heart chamber to be placed through fee 
myocardium at a location that is spaced from the coronary vessel. This is contrast to 
placing a conduit transmurally through the myocardium between the inner or posterior 
wall of the target .vessel and the heart chamber so that blood flows directly through the 
heart wall into the vessel lumen. This provides flexibility in that the portion of the 
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conduit communicating with the heart chamber may be placed through the myocardium at 
different locations while still accessing the target vessel in a desired manner with another 
portion of the conduit, a particularly useful feature in situations presenting limited access 
to the heart or target vessels. 

The conduits of the invention may be formed of any material suitable for 
use in a blood-contacting applicant;:, for example, synthetic vascular graft materials such 
as expanded polytetrafluoroethylene (PTFE) and polyethylene terephthatlate (Dacron). 
Other suitable synthetic materials include polyurethanes, such as Tecoflex, polycarbonate 
polyurethane - PCPU, such as Biospan (Corethane), and silicone, such as MED-4850, 
MED-6640, and MED-gumstock, all commercially available from NuSil Technology of 
Carpinteria, California. The conduit may also be formed of metal or a metallic alloy such 
as titanium, stainless steel, and nickel titanium. Finally, it should be noted that the 
conduit could comprise a tissue graft, for instance, a saphenous vein graft harvested from 
the patient, an allograft or a xenograft. It will also be appreciated that the conduit may 
comprise any of the aforementioned materials alone or in combination. Also, the 
conduits may be provided with means for detecting its position, e.g., radiopaque markers, 
during or after placement of the conduit in the target vessel, thereby allowing the user to 
confirm the position of and blood flow through the conduit. 

The reinforcing component of the invention is preferably formed of any 
biocompatible material that will provide the conduit with a desired amount of structural 
support. Examples of suitable materials include Dacron, or polyethylene terephthatlate 
(PET), Nylon, titanium, stainless steel, nickel titanium, etc. The reinforcing component 
could take various forms, including the coiled structure shown in Figs. 1 and 2, a braided 
structure, a stent or stent-like structure, knitted fabric, woven mesh, and a tubular (or 
semi-tubular) element. 

The conduit may also be constructed to minimize or prevent kinking or 
collapsing without incorporating a reinforcing component, for example, by coating or 
impregnating the conduit with a material that provides a desired amount of structural 
rigidity, such as silicone, polyurethane, PTFE, or another polymer, which would not 
adversely affect the flexibility or structural integrity of the conduit. For example, a 
coating could be placed on the interior of the conduit to maintain the conduit-blood 
interface while providing a strain relief-type structure to minimize or prevent kinking 
The coating could, however, also be located on the exterior of the conduit (in addition to 
or instead of the exterior). The conduit may be provided with additional coatings selected 
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to provide particular qualities, for example, antithrombogenic, antimicrobial lubricious, 
etc., coatings. 

The conduit of the invention is preferably relatively flexible so that it may 
bend or flex during use, although it may be stiff or substantially rigid if desired. The 
5 degree of flexibility (or rigidity) imparted to the conduit may vary depending on the 
particular application and user preference. As an example, in a coronary application the 
conduit portion placed in the coronary vessel may comprise a material having a Shore 
hardness in the range of from about 80A to about 55D, this range being preferable 
because it provides sufficient structural integrity while allowing some flexibility for 

1 0 easier deployment. 

In addition to, or in lieu of, providing the conduit with a strain relief 
element to counteract collapse or kinking, the conduit (or portion of the conduit) may be 
specifically formed to prevent kinking, for instance, by imparting a preformed bend to 
one or more desired areas of the conduit, as exemplified by the conduits 140, 150 shown 

1 5 in Figs. 11-12. The conduit of the invention may be straight, tapered, curved, stepped, or 
otherwise configured over or all or a part of its length. Also, the conduit may be formed 
with a curved, malleable or bendable portion, or an articulated portion that may be 
controlled or steered by known mechanisms used to steer catheters or guide wires. 

Turning to Figs. 20A-30E, exemplary embodiments of methods for placing 

20 a conduit in fluid communication with a target vessel and a source of blood according to 
the invention will be described. These embodiments show a conduit being used to place a 
coronary vessel, such as a coronary artery or vein, in fluid communication with a heart 
chamber, such as the left ventricle. It will be understood, however, that these particular 
applications are set forth for explanatory purposes and are not intended to restrict or limit 

25 application of the invention to other body structures. 

In the illustrated and preferred embodiments, the conduit is secured to the 
target vessel by a substantially suture-free attachment; thus, the attachment is not a 
conventional hand-sewn anastomosis created by suturing the members together. 
Although some suture may be used, the conduit is preferably coupled to the target vessel 

30 by means other than a typical, hand-sewn sutured connection. It will nonetheless be 
appreciated that the invention may be practiced using suture to secure (partially or 
completely) the conduit to the target vessel. 

Fig. 20A is an anterior view of a heart H showing the left ventricle LV, 
right ventricle RV, right atrium RA, aorta A, pulmonary trunk PT and pulmonary veins 
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PV. The left coronary artery, including its left anterior descending branch LAD, is visible 
in this view, as is the right coronary artery RCA. Also shown is a diagonal branch D of 
the LAD. The coronary arteries run along the myocardium and deliver oxygenated blood 
to the myocardial tissue. An occlusion or stenosis 0 partially (or completely) obstructs 
the lumen of the LAD, which results in inadequate or no blood flow to the myocardial 
tissue fed by the portion of the LAD that is downstream of the occlusion O. It will be 
appreciated that the occlusion O could be located in another coronary artery, or in a 
different location in the LAD, for example, proximal rather than distal to the diagonal 
branch D. 

Fig. 20A shows a conduit 240 constructed according to the invention 
positioned adjacent the heart H. The conduit 240 includes first and second conduit 
portions 242, 244 adapted to be placed in communication with a heart chamber and a 
target vessel, respectively. The conduit 240 includes a device 128 for establishing 
communication with a heart chamber while securing the conduit in the desired position, 
as well as a reinforcing component for supporting the walls of the conduit. 

Fig. 20B depicts the heart H shown in Fig. 20A after the second portion of 
the conduit 240 has been deployed in the target vessel. The device 128 is inserted into the 
tissue of the myocardium, either before or after deployment in the target vessel, so as to 
be in fluid communication with a heart chamber containing oxygenated blood (the left 
ventricle LV in the illustrated embodiment). The first conduit portion 242 extends from 
the device 128 to the coronary vessel being treated (the LAD in the illustrated 
embodiment). The second conduit portion 244 is disposed in the LAD at a location distal 
to the occlusion O so as to contact and seal against the luminal surface of the vessel wall. 
As a result, blood flows from the left ventricle LV into the conduit 240 and the lumen of 
the LAD to perfuse myocardial tissue distal to the occlusion O, which tissue had been 
deprived of oxygenated blood due to the occlusion. 

Fig. 20C is an enlarged view of a portion of the heart H shown in Fig. 20B. 
The device 128 is shown positioned in the myocardium M so as to communicate with the 
left ventricle LV (the reinforcing component being omitted in this view). The device 128 
is preferably sized so that when positioned it extends completely through the myocardium 
M and projects slightly into the left ventricle LV and slightly beyond the exterior of the 
myocardium. Alternatively, the device 128 could terminate within the myocardium with 
a distal segment of the first conduit portion 242 extending into the myocardium. As 
another alternative, the device 128 could be omitted and the first conduit portion 242 
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positioned in the myocardium so as to extend into the left ventricle, the portion 242 being 
constructed to withstand myocardial contraction during systole without collapsing. 

In any case, it may be desirable to first measure the thickness of the 
myocardium, either approximately or precisely, at the area that will receive the device 
128 (or the distal segment of the first conduit portion 242). The device 128 may then be 
placed with its ends properly positioned with respect to the left ventricle and the exterior 
of the myocardium. Any suitable means for determining the thickness of the myocardium 
may be used prior to placing the conduit 240. For example, an instrument having 
markings may be inserted through the myocardium to gauge the myocardial thickness. 
The instrument, for example, a probe, may have a member on its distal end that is 
engaged with the endocardium, thereby allowing the user to read the markings disposed 
adjacent the exterior of the heart. Alternatively, an instrument having a flashback lumen 
may be used so that entry into the heart chamber is indicated or verified by a blood flash, 
the instrument having markings that may be read to determine myocardial thickness or 
verify entry into the source of blood (or the target vessel). Other means for detennining 
myocardial thickness include transesophageal echocardiography (TEE), magnetic 
resonance imaging, CT scanning and electronic probes. 

The second conduit portion 244includes two outlets 246 and may be 
placed into the lumen of the LAD through an incision I and, if desired, secured in place 
by suture S. It should be noted that if the occlusion O is not complete (or if blood fix>m 
collateral vessels feeds into the LAD proximal to the conduit 240), the outlet 246 that is 
proximal to the first conduit portion 242 (the outlet to the left in Fig, 20C) also acts as an 
inlet as blood enters this outlet and flows distally. During diastole, this blood may be 
drawn from the vessel into the left ventricle due to the relatively low ventricular pressure, 
as discussed further below. 

The second conduit portion 244 will typically be placed in the target vessel 
distal to the occlusion by a distance that permits easier introduction into the lumen, as 
opposed to entering a diseased or stenosed section of the vessel. This results in a space 
located between the occlusion O and the conduit outlet 246 that is disposed nearest the 
occlusion (the outlet to the left in Fig. 20C). Thus, if the conduit does not provide blood 
flow toward the occlusion O, this space, and more particularly the myocardial tissue fed 
by this section of the LAD, may become ischemic, particularly if the occlusion totally 
blocks any native flow through the vessel from an upstream source. 
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Accordingly, the preferred embodiments of the invention utilize conduits 
that are configured to deliver blood into the target vessel in multiple directions to folly 
revascularize the myocardial tissue perfused by the vessel. As shown in Fig. 20C, blood 
flows into the second conduit portion 244 and exits the outlets 246 in more than one 
direction, as indicated by the arrows. In the illustrated embodiment the directions are 
along a common axis and opposite each other, but it will be recognized that the 
embodiment of Figs. 20A-20C is only one possible configuration that will result in blood 
flowing into the target vessel in multiple directions. As such, the invention encompasses 
delivering blood into the target vessel in multiple directions that are not opposite each 
other. For example, rather than being T-shaped, an L-shaped conduit such as conduit 294 
shown in Fig. 17 may be used. It should be recognized that the invention encompasses 
conduits that are not T or L-shaped but are still configured to achieve flow in more than 
one direction within the target vessel. 

The multiple outlets in the preferred conduit permit subsequent access to 
the conduit (i.e., post procedure) by delivering a guidewire or catheter percutaneously 
through the patient's vascular system. For example, the catheter may be delivered into 
the coronary vessel and moved past the occlusion, if possible, and then used to guide a 
device to the conduit location, e.g., a plaque ablation or removal device. 

In an application utilizing the left ventricle as the blood source, such as 
that depicted in Figs. 20A-20C, the direction and volume of the blood flow in the 
coronary vessel will vary during the systolic and diastolic phases of the heart cycle. More 
particularly, during systole the pressure in the left ventricle is at its maximum, 
approximately 120 mm Hg, which forces blood into the conduit 240. The blood flows 
from the first conduit portion 242 into the second conduit portion 244 and passes through 
the outlets 246 into the LAD. The high pressure in the left ventricle drives the blood in 
multiple directions to perfuse the myocardium both proximally and distally to the second 
conduit portion 244. 

During diastole, the pressure in the left ventricle is at its minimum, 
approximately 5-10 mm Hg, while the pressure in the LAD is approximately 80 mm Hg. 
This pressure differential results in blood being drawn from the LAD into the left 
ventricle, which would seemingly counteract the delivery of blood to the LAD during 
systole. It is believed, however, that this backflow of blood into the left ventricle (which 
may be characterized as "steal" in that blood is being taken from the coronary artery) 
does not prevent adequate perfusion of the myocardial tissue fed by the distal LAD. In 
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the case of a partial proximal obstruction in the LAD, any blood flowing from the aorta 
that is stolen into the left ventricle should not prevent adequate revascularization insofar 
as the aorta may be considered an infinite source. In the case of a complete obstruction in 
the LAD, any blood that is stolen into the left ventricle will be taken from the distal LAD; 
5 however, testing of the inventive conduits has shown that the myocardial tissue is 
adequately perfused despite a complete proximal obstruction in the LAD. Adequately 
perfused means that a threshold level of oxygenated blood is being delivered to the 
myocardial tissue to allow the heart to function within acceptable limits. 

The conduits of the invention could be provided with a check valve to 

10 prevent backftow of blood into the left ventricle. This design, though, is presently not as 
preferred as a non-valved conduit. One significant benefit provided by a non-valved 
conduit is that blood flow through the conduit is essentially constant, although in different 
directions, which prevents hemostasis in the conduit. As such, not using a valve and 
allowing backflow through the conduit prevents or reduces the likelihood of thrombosis 

1 5 (clotting) in the conduit, which is a primary concern with any device (like a valve) that is 
placed in a blood flow path. Consequently, the washing effect provided by blood flowing 
through the conduit is believed to obviate thrombosis or thrombosis-related problems. 
This is in contrast to a valved conduit that closes during diastole and thus results in blood 
remaining stationary in the conduit during a phase of the heart cycle. 

20 Figs. 21A and 21B show the conduits 200, 220 of Figs. 18A-18B and 19A- 

19B positioned in a coronary vessel CV with the device 206 in fluid communication with 
a heart chamber C containing blood. As shown, a significant portion of the length of each 
conduit 200, 220 is disposed external to the myocardium M; the relative length of 
material that is within tissue (transmural) and external may be varied from that shown. 

25 Figs. 22 A and 22B show alternative conduit configurations wherein substantially all of 
the length of the conduit is disposed within tissue. Fig. 22A shows a conduit 232 with a 
portion 234 located in a coronary vessel, another portion of the conduit 232 including a 
device 206 in communication with a heart chamber C. Fig. 22B shows a conduit 236 
having a target vessel portion 238 located in a coronary vessel, with another portion of the 

30 conduit 23 8 provided with a device 206 for communicating with the heart chamber C. 
Other conduit configurations may be used as well; for example, the partial tubular 
conduits shown in Figs. 4 and 5 may be used in a transmural application such as those 
shown in Figs. 22 A and 22B. 
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As noted above, the LAD is only one example of a coronary vessel that 
may be treated according to the invention. Fig. 23 is a sectional view of the heart H 
shown in Fig. 20C, taken along a generally horizontal line cutting through the 
myocardium and the LAD. The section line extends distal to the diagonal D, and the 
perspective of Fig. 23 is looking down toward the apex of the heart. This view shows the 
LAD and one of its diagonal branches D, the posterior descending branch, PDA, of the 
right coronary artery RCA, and the obtuse marginal branch, OM, of the circumflex artery. 

A conduit 250 is shown deployed to communicate the left ventricle LV 
and the LAD, while a conduit 252 is shown deployed so as to communicate the left 
ventricle LV and the PDA. The conduits 250, 252 are constructed as described above 
with respect to previous embodiments and include devices 128 that penetrate the 
epicardium EP, the endocardium EN and the myocardium M to communicate with the left 
ventricle LV. Those skilled in the art will appreciate that the diagonal D and the obtuse 
marginal OM represent additional coronary vessels that could be coupled to conduits 
placed in communication with the left ventricle LV. As such, it will be recognized that 
the target vessels shown in Fig. 23 are exemplary only. 

The conduit of the invention may be introduced into the lumen of the 
target vessel via any suitable means. One preferred method is shown in Figs. 24A-24D 
and comprises surgically forming an incision I in the wall W of a target vessel TV for 
receiving a conduit 260 including .first and second conduit portions 262, 264. The conduit 
260 is similar to the conduit 30 of Figs. 4-4A, except only the second conduit portion 264 
is provided with a reinforcing component. A distal end of the second conduit portion 264 
is inserted through the incision (Fig. 24A) and into the vessel lumen. In this embodiment, 
the distal end of the second conduit portion 264 is moved distally a sufficient distance to 
center or substantially center the conduit 260 in the vessel (Fig 24B). The proximal end 
of the second conduit portion 264 is then pushed into the vessel lumen (24C), which 
results in both legs of the second conduit portion 264 being in the lumen and away from 
the ends of the incision. This affixes the conduit 260 to the target vessel TV and 
preferably provides a fluid-tight seal. 

It will be noted that the conduit 260 is deployed to its final position 
without substantially moving the second conduit portion 264 within the target vessel 
lumen. That is, the conduit is not moved relative to the vessel wall by an amount that 
risks damaging the intimal surface of the vessel wall. Alternatively, the conduit may be 
deployed by sliding the distal end of the second conduit portion distally, placing the 
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proximal end in the vessel lumen, and sliding the conduit proximally to anchor it to the 
vessel (in a manner somewhat similar to that used by surgeons to place a perfusion bridge 
in a coronary artery during cardiac surgery). 

The second conduit portion 264 will remain in location in the target vessel 
5 due to the anchoring provided by the proximal and distal legs of the second conduit 
portion 264, The attachment between the conduit and the target vessel should provide a 
hemostatic seal; therefore, if necessary, additional means for securing the conduit to the 
vessel may be used, for example, suture (as shown in Fig. 24D), fasteners, clamps, clips, 
cuffs, gasket-like structures and fibrin or collagen-based adhesives and sealants. 

10 Figs. 25A-25C illustrate an exemplary method for deploying a collapsible 

conduit 160 which has been described above with respect to Figs. 13A-13B. Briefly, the 
conduit 160 includes first and second conduit portions 162, 164, the latter defining free 
ends 166 provided with a reinforcing component 168. The reinforcing component 168 
allows the second conduit portion 164 to collapse along (or substantially along) the 

15 longitudinal axis of the portion 164, which preferably generally coincides with the 
longitudinal axis of the target vessel. 

Figs. 25A schematically shows a retaining instrument 266 for holding the 
second conduit portion 164 in its collapsed orientation. The retaining instrument 266 is a 
forceps-type device with a pair of arms 268 for holding the conduit. The arms 268 have 

20 jaws 270 that engage the free ends 166 of the second conduit portion 164 and retain the 
reinforcing component 168 collapsed while placed through an incision I formed in the 
wall W of a target vessel TV. Fig. 25B shows the arms 268 and the second conduit 
portion 164 disposed in the lumen of the target vessel while still collapsed. The arms 268 
are removed, as shown in Fig. 25C, which allows the reinforcing component 168 and the 

25 second conduit portion 1 64 to assume their expanded orientation in engagement with the 
wall of the target vessel, thereby securing the conduit 160 to the target vessel. Other 
means may of course be used to hold the conduit collapsed, for example, an instrument 
that engages the interior of the conduit to restrain the second conduit portion 164. 

Figs. 26 A-26C illustrate another exemplary method for deploying a 

30 collapsible conduit 1 70 in a target vessel, the conduit 1 70 having been described above 
with respect to Figs. 14A-14B. The conduit 170 has first and second conduit portions 
172, 174, but does not include a reinforcing component. The second conduit portion 174 
is collapsible about (or substantially about) the longitudinal axis of the portion 174, i.e., it 
is radially collapsible. In Fig. 26A, a retaining instrument 272 holds the second conduit 
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portion 174 in its collapsed orientation. The retaining instrument 272 includes two 
elements 274 that engage the collapsed ends 178 of the second conduit portion 174. The 
elements 274 are cup-shaped to receive the folded ends 178 of the conduit, and are 
connected to and manipulated by a pair of shafts 276. 

Fig. 26A shows the second conduit portion 174 held collapsed by the 
retaining instrument 272 while being introduced through an incision I in the wall W of a 
target vessel TV. Fig. 26B shows the second conduit portion 174 disposed in the vessel 
lumen with, as indicated by the arrows, the shafts 276 being moved toward the vessel to 
separate the elements 274 from the conduit ends 178. As shown, this allows the second 
conduit portion 174 to assume its expanded orientation (which is larger in cross-section 
than the elements 274). Once the second conduit portion 174 has been expanded, the 
shafts 276 are moved as shown to remove the elements 274 through the first conduit 
portion 172. The incision I may then be sutured and sealed, as explained above. 

The collapsible conduit retaining instruments 266 (Figs. 25A-25D) and 
272 (Figs. 26A-26C) are depicted somewhat schematically as they are only intended to 
represent some of the various devices that may be used to deploy a collapsible conduit 
according to the invention. For example, a delivery device may include a sheath(s) that 
retains a portion of the conduit collapsed. The delivery device could incorporate other 
removable securing means, such as suture, to retain the conduit in its collapsed state. 
Accordingly, it will be recognized that this aspect of the invention may be practiced 
independently of any particular type of introducing instrument. 

Another embodiment of a device and method for deploying a conduit in a 
target vessel according to the invention will be described with respect to Figs. 27-29A 
and 30A-30E. Fig. 27 shows a delivery device indicated by the reference numeral 280 for 
use in deploying a conduit in a target vessel while maintaining some level of perfusion 
during deployment. The device 280 is used to introduce a conduit into the lumen of the 
target vessel, the conduit being coupled to a source of blood that will be delivered to the 
vessel upon attachment of the conduit to the vessel. As a result, this embodiment of the 
invention minimizes ischemic time during deployment by perfusing the target vessel 
distally of the attachment site between the conduit and the vessel. 

The delivery device 280 includes an inner component preferably in the 
form of an obturator 282 and an outer component preferably in the form of a sheath 284 
(Fig. 28). The obturator 282 is movable with respect to the sheath 284. The obturator 
282 has a distal end 286 that slightly projects beyond the distal end of the sheath 284, as 
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shown in Fig. 27. The sheath has a hub 288 with threads 290 for engaging the threads 
292 carried by a cap 294 mounted to the obturator 282. The distal end portions of the 
obturator 282 and the sheath 284 are preferably tapered and have complementary shapes 
that provide a smooth transition for atraumatic insertion into the target vessel. The 
5 threads 290, 292 provide a quick turn luer-type connection, although non-threaded 
attachment mechanisms may be used. The sheath 284 has one or more openings 296 
passing into the sheath interior, these openings being blocked when the obturator 282 is 
within the sheath 284 (Fig. 29A). Fig. 28 also shows a cap 298 that may be attached to 
the sheath hub 288 to seal the hub after removing the obturator 282. 

1 0 Fig. 29 shows the delivery device 280 of Figs. 27-28 supporting a conduit 

300 constructed according to the invention. The conduit 300 includes first and second 
conduit portions 302, 304 and a device 128 configured to be placed in communication 
with a heart chamber containing blood, as described above.. The second conduit portion 
304 is mounted on the sheath 284 with the proximal end (to the right in Fig. 29) of the 

1 5 conduit portion 304 abutting the sheath hub 288, which holds the conduit 300 in position 
during delivery. In Fig. 29A blood flowing from a source (not shown) to the conduit 310 
is indicated by arrows. As can be seen, blood flowing through the first conduit portion 
302 is prevented from entering the lumen of the sheath 284 because the sheath openings 
296 are blocked by the obturator 282. As such, the first conduit portion 302 may be 

20 coupled to the blood source and the second conduit portion 304 mounted on the device 
280 and manipulated without leakage of blood. 

Figs, 30A-30E depict an illustrative method of using the delivery device 
280 to introduce and deploy a conduit in a target vessel according to the invention. 
Fig. 30A shows a conduit 310 including first and second conduit portions 312, 314 

25 respectively adapted to be communicated with a source of blood and a target vessel. The 
source of blood is indicated schematically as it will be appreciated any suitable source 
may be used, e.g., a heart chamber, the aorta, a coronary artery or vein, a peripheral artery 
or vein, etc. Similarly, the target vessel TV may be a coronary artery or vein, a peripheral 
artery or vein, or any other luminal body structure. 

30 Fig. 30A shows the distal end portion of the device 280 inserted through 

an incision I in a target vessel wall W so as to place the distal end 316 of the second 
conduit portion 3 12 within the vessel lumen. The soft atraumatic end 286 of the obturator 
minimizes any tissue damage during introduction. In Fig. 30A, the obturator 282 blocks 
the sheath openings 296 such that blood flowing from the source through the first conduit 
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portion 3 10 is prevented from entering the sheath 284, as indicated by the arrows. 
Fig. 30B shows the next step, removing the obturator from the sheath 284 by moving the 
obturator cap 294 proximally. The distal end 286 of the obturator must clear one or more 
of the sheath openings 296 in order for blood from the source to flow through the first 
5 conduit portion 3 1 0 and into the sheath 284. At the position depicted in Fig. 30B, the 
obturator 282 still blocks the sheath openings 296. 

Fig. 30C shows the delivery device 290 after the obturator 282 has been 
removed. As indicated by the arrows, blood from the source is now free to enter the 
sheath lumen via openings 296 and flow distally into the target vessel as it passes out the 
1 0 end of the sheath 284. As a result, despite the fact that minimal steps have been 

performed and the conduit 310 has not been frilly deployed in or secured to the target 
vessel, the delivery device 290 enables perfusion of the distal vasculature. Hence, the 
remaining delivery steps may be carried out with less risk of the tissue perfused by the 
target vessel becoming ischemic during the procedure, a significant benefit in a coronary 
1 5 bypass procedure. 

Fig. 30C also shows the cap 298 secured to the sheath hub 288 to seal the 
sheath lumen and prevent blood from exiting the proximal end of the sheath. The cap 298 
may have a mechanism that seals around instruments introduced into the sheath 284 
and/or secures the instrument to the sheath 284 and the cap 298. Any suitable mechanism 
may be used, e.g., a Tuohy-Borst compression adapter or a self-sealing septum. 

Fig. 30D shows the delivery device 290 being moved proximally to 
separate the sheath 284 from the second conduit portion 3 14, during which blood from 
the source continues to flow distally and perfuse the distal vasculature. Upon completely 
removing the sheath 284 from the second conduit portion 3 12 (or as the sheath is being 
removed), the proximal end 316 of the conduit portion 312 is moved into the target vessel 
lumen, as shown in Fig. 30E. This placement of the conduit 310 results in blood from the 
source being delivered in multiple directions which, in Fig. 30E, are proximal and distal 
along the longitudinal axis of the vessel, as indicated by the arrows. 

A variation of the delivery device shown in Figs. 30A-30E utilizes a 
hollow obturator with one or more openings passing into a lumen. The sheath is omitted 
in this embodiment, and blood from the source flows through the second conduit portion, 
through the opening(s), and into the target vessel. The opening may be a slot extending 
along a portion of the length of the hollow obturator so that rotating the obturator within 
the first conduit portion moves the slot into or out of alignment with the second conduit . 
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portion.' In this manner, the device can be controlled, preferably from a proximal 
location, by rotating (or otherwise manipulating) the shaft to selectively allow or block 
flow into the hollow obturator. 

The conduit of the invention is preferably sized and configured to form a 
5 blood flow path that is equal or substantially equal to the blood flow path defined by the 
native vessel. In other words, the conduit preferably defines an inner diameter that equals 
or substantially equals (e.g., 90% of) the inner diameter of the native vessel. As a result, 
when placed in the target vessel the conduit allows a sufficient volume of blood flow. If 
the target vessel is a coronary artery, this ensures that blood will flow to the distal 

1 0 vasculature and perfuse the myocardial tissue. 

The overall size and relative dimensions of the conduit will vary 
depending on the application. For sake of example, with reference to Figs. 1, IB and 2, it 
can be seen that the length and diameter of the first conduit portion 12 are greater than the 
length L2 and diameter D2 of the second conduit portion 14. As an example, the length 

15 LI of the first conduit portion 12 may be within a range of from about 20 mm to 80 mm, 
and more preferably a range of from about 30 mm to 50 mm, while the length L2 of the 
second conduit portion 14 is preferably within the range of 3 mm to 20 mm, and more 
preferably within the range of 5 mm to 15 mm. When deployed in the application shown 
in Fig. 21, for example, approximately 25 mm of conduit (including the portion extending 

20 into the hear chamber) is placed in the myocardium, approximately 15 or 16 mm of 

conduit is placed in the coronary vessel, and approximately 15 mm extends externally to 
the myocardium. 

Similarly, the diameter Dl (and in particular the inner diameter) of the first 
conduit portion 12 may vary but is preferably within the range of from about 2 mm to 10 

25 mm, and more preferably within the range of from 3 mm to 4 mm. The diameter D2 of 
the second conduit portion 14 will be dictated primarily by the size of the lumen of the 
target vessel being treated. As an example, for use in coronary vessels, the diameter D2 
(and in particular the inner diameter) of the second conduit portion 14 is preferably within 
the range of 1 mm to 4 mm. It will be recognized, however, that these ranges are 

30 exemplary as the invention encompasses conduits the dimensions of which fall outside 
such ranges by an amount that will not preclude their use in a desired application 
(cardiovascular or other). 

The conduit of the invention also may be characterized by the relative 
dimensions of the respective conduit portions. For example, with reference to Fig. 2, if 
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the length L2 of the second conduit portion 14 is greater than Dl, then some of the second 
conduit portion disposed in the target vessel lumen will extend beyond the ends of the 
incision (not shown in Figs. 1-2). In an application involving a coronary artery as the 
target vessel, the ratio of the diameter Dl (and in particular the outer diameter) of the first 
5 conduit portion 12 to the length L2 of the second conduit portion 14 (D1/L2) is preferably 
within a range of from about 1:1 to abuut 1:10, and more preferably within the range of 
from about 1:2 to about 1:4. 

The conduit of the invention may be manufactured by various processes. 
It is currently preferred to mold the conduit of (or fabricate the conduit from) a material 
10 having desired blood interface qualities as well as a desired combination of flexibility and 
column strength. Manufacturing processes and materials for forming the conduits 
disclosed herein are disclosed in co-pending, commonly owned application serial 

no. , filed on September 10, 1999 (Attorney Docket No. 01 n and 

entitled "Methods and Devices for Manufacturing a Conduit for Use in Placing a Target 
15 Vessel in Fluid Communication With a Source of Blood," the entire subject matter of 
which application is incorporated herein by reference. 

The type of procedure (e.g., open chest, minimally invasive, percutaneous, 
etc.) that is used to deploy the conduit of the invention may vary depending on the vessels 
being treated and user preference. As an example, a minimally invasive procedure may 
20 be used to deploy the conduit on a beating heart using various devices and methods for 
stabilizing all or a portion of the heart. Also, the conduits may be coupled to the target 
vessel other than as specifically shown herein. While several collapsible conduits are 
illustrated along with exemplary methods for deploying them in a target vessel, it will be 
appreciated that the invention encompasses securing non-collapsible conduits to the 
25 vessel. For instance, the second conduit portion may be a non-collapsible, tubular 

member that is placed in the target vessel lumen after first dilating the vessel wall, and 
then is retained by allowing the vessel wall to move back and snugly engage the exterior 
of the second conduit portion. 

Moreover, the conduit may be used with a component that secures and 
30 preferably seals the conduit to the wall of the target vessel. For example, the component 
could comprise a sleeve or cuff member that partially or completely surrounds the conduit 
adjacent the target vessel wall. The vessel wall is effectively sandwiched between the 
component and the intraluminal portion of the conduit, i.e., the conduit portion located in 
the vessel lumen (the second conduit portion in the above embodiments). The component 
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exerts sufficient force toward the intraluminal portion of the conduit to secure the 
assembly to the target vessel while providing adequate hemostasis at the attachment site. 
The component could be separate from or integral with the conduit, and could be 
constructed according to the teachings of co-pending, commonly owned application serial 
5 no. 09/394,119 filed on September 10, 1999 (Attorney Docket No. 012) and 
entitled "Anastomotic Methods and Devices for Placing a Target Vessel in Fluid 
Communication With a Source of Blood," the entire subject matter of which application 
is incorporated herein by reference. 

It should also be noted that the conduits of the invention may be 

10 introduced into a target vessel in various ways. For example, in the illustrated 

embodiment, the second conduit portion is inserted through a surgical incision in the 
vessel wall. An alternative arrangement includes a delivery device on which the conduit 
is mounted, the device having a permanent or detachable incising element with a 
sharpened tip for penetrating the wall of the target vessel in conjunction with introducing 

15 the conduit. Another arrangement uses a sheath that restrains a collapsible conduit and is 
removed to deploy the conduit 

Additionally, the conduits of the invention are preferably, though not 
necessarily, placed with the portion in the myocardium spaced from the portion in the 
coronary vessel. That is, the channel passing through the myocardium is not beneath or 

20 immediately adjacent the vessel. Nonetheless, as shown above the conduit may be 

positioned tfansmurally in myocardial tissue directly or substantially beneath or adjacent 
the vessel. One benefit of the former method is that the conduit (or delivery device 
supporting the conduit) is introduced through the outer or anterior vessel wall to engage 
the lumen; it is not passed through the inner or posterior vessel wall, which tends to be 

25 more diseased than the outer wall. 

It may be desirable to utilize a conduit delivery device having a portion 
surrounding the conduit to protect the conduit material prior to and during deployment. 
The device may have a bore that, in addition to receiving the aforementioned optional 
incising element so that may be extended and retracted, is configured to act as a flashback 

30 lumen and indicate when the device has entered a lumen containing blood, for example, a 
coronary artery or heart chamber. Of course, additional members, for example, a guide 
wire or guide catheter, may be used to deliver the conduit. 

The conduits of the invention may be provided with a valve or other means 
for controlling or regulating blood flow. Suitable valves, as well as means for measuring 
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myocardial thickness or verifying entry into the heart chamber, are disclosed in 
application serial no. 09/023,492, filed on February 13, 1998, and entitled "Methods and 
Devices Providing Transmyocardial Blood Flow to the Arterial Vascular System of the 
Heart," the entire subject matter of which has been incorporated herein by reference. 
Likewise, the conduits may be provided with a reservoir for retaining and discharging 
blood in a desired manner. 

The conduits and delivery devices of the invention may be sized and 
configured differently from that specifically illustrated in the Figures. For instance, the 
cross-section of one or more portions of the conduit may be noncircular, e.g., elliptical to 
better match the profile of the target vessel. As a further example, the delivery device 
may be relatively short with the shaft assembly substantially rigid for use in an open-chest 
procedure. Alternatively, the device may be configured for use in either a minimally 
invasive or endosvascular procedure, wherein the actuators for controlling the device 
components are located adjacent the proximal end of the device to allow remote 
deployment of the conduit, for example, as disclosed in the aforementioned, co-pending, 
commonly-owned application serial no. 09/304,140. 

It will be appreciated that the features of the various preferred 
embodiments of the invention may be used together or separately, while the illustrated 
methods and devices may be modified or combined in whole or in part. As an example, 
more than one conduit may be coupled to a manifold that is placed in communication 
with one source of blood so as to deliver blood to multiple target vessels. The conduits 
and devices of the invention may include removable or detachable components, could be 
formed as disposable instruments, reusable instruments capable of being sterilized, or 
comprise a combination of disposable and reusable components. 

Further, it will be understood that the embodiments may be used in various 
types of procedures, for example, an open surgical procedure including a median 
sternotomy, a minimally invasive procedure utilizing one or more relatively small access 
openings or ports, or an endovascular procedure using peripheral access sites. Also, 
endoscopes or thoracoscopes may be used for visualization if the procedure is performed 
through very small ports. The different embodiments may be used in beating heart 
procedures, stopped-heart procedures utilizing cardiopulmonary bypass (CPB), or 
procedures during which the heart is intermittently stopped and started. 

It will be recognized that the invention is not limited to the illustrated 
applications. For example, the inventive conduits may be used in a CABG procedure by 
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being coupled to an autologous conduit, e.g., a saphenous vein graft (or a nonautologous 
vessel such as a xenograft, etc.). Further, the conduit could be coupled to a native artery, 
such as one of the internal mammary arteries, and then secured to the target vessel. 
Further still, the conduit may be coupled to an existing CABG graft that has partially or 
completely occluded over time by plugging the second conduit portion into the wall of the 
graft to communicate with the graft lumen distal to the occlusion. 

It will be recognized that the invention may be used to manufacture 
conduits the use of which is not limited to cardiovascular applications such as those 
illustrated and discussed above. For example, the invention may be used to produce 
conduits used to carry out many different bypass procedures, including, without 
limitation, femoral-femoral, femoral-popliteal, femoral-tibial, ilio-femoral, axillaiy- 
femoral, subclavian-femoral, aortic-bifemoral, aorto-iliac, aorto-profunda femoris and 
extra-anatomic. The conduit may be used to establish fluid communication with many 
different vessels, including, without limitation, the renal arteries, mesenteric vessel, 
inferior mesenteric artery, eroneal trunk, peroneal and tibial arteries. Still other 
applications for the invention include arteriovenous shunts. The conduit may have one, 
both or more ends configured to engage a target vessel for receiving blood from or 
delivering blood to another vessel. 

The preferred embodiments of the invention are described above in detail 
for the purpose of setting forth a complete disclosure and for sake of explanation and 
clarity. It will be readily understood that the scope of the invention defined by the 
appended claims will encompass numerous changes and modifications. 



34 



WO 02/26310 



PCT/US00/26560 



WHAT IS CLAIMED IS: 

1 1 . A method for delivering blood from a heart chamber containing 

2 blood to a target vessel of a patient's vascular system, the method comprising steps of: 

3 (a) placing a conduit having a lumen in fluid communication with a heart 

4 chamber containing blood; 

5 (b) placing the conduit in fluid communication with the lumen of a target 

6 vessel and securing the conduit to the target vessel; 

7 (c) delivering blood from the heart chamber into the conduit during at 

8 least one phase of the heart cycle; and 

9 (d) permitting the blood to flow from the conduit into the lumen of the 
10 target vessel in more than one direction. 

1 2. The method of claim. 1 , wherein a portion of the conduit extending 

2 between the heart chamber and the target vessel is disposed on an exterior of the patient's 

3 heart. 

1 3 . The method of claim 1 , wherein the conduit is generally T-shaped 

2 and includes a first portion having one free en$ and a second portion having two free 

3 ends, and step (a) is performed by placing the first conduit portion through the 

4 myocardium and at least partially within the heart chamber while step (b) is performed by 

5 placing the second conduit portion at least partially within the lumen of the target vessel. 

1 4. The method of claim 3, wherein the first conduit portion is formed 

2 of a material having sufficient rigidity to avoid collapsing during myocardial contraction 

3 when placed according to step (a). 

1 5. The method of claim 4, wherein step (a) is performed prior to step 

2 (b), and step (b) is performed by securing the second conduit portion to the target vessel 

3 via a substantially suture-free attachment. 

1 6. The method of claim 4, wherein the second conduit portion is 

2 passed through a wall of the target vessel and placed at least partially within the lumen of 

3 . the target vessel without collapsing the second leg of the conduit, and blood flows within 

4 the lumen of the target vessel in two opposite directions. 
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7. The method of claim 4, wherein the target vessel has a lumen that 

2 is at least partially obstructed by an occlusion, and the plurality of directions include 

3 toward and away from the occlusion. 

1 8. A method for delivering blood from a heart chamber containing 

2 blood to a target vessel of a patient's vascular system, the method comprising steps of: 

3 (a) placing a conduit having a lumen in fluid communication with a heart 

4 chamber containing blood; 

5 (b) placing the conduit in fluid communication with the lumen of a target 

6 vessel and securing the conduit to the target vessel; 

7 (c) delivering blood from the heart chamber into the conduit during at 

8 least one phase of the heart cycle; and 

9 (d) permitting blood to flow out of the conduit unrestricted in more than 
1 0 one direction in the lumen of the target vessel. 

1 9. The method of claim 8, wherein the conduit is disposed along the 

2 exterior of the heart. 

1 10. The method of claim 8, wherein the heart chamber contains 

2 oxygenated blood and the target vessel is a coronary artery. 

1 11. The method of claim 1 0, wherein the heart chamber is the left 

2 ventricle, and blood flows from the heart chamber into the conduit and into the target 

3 vessel during both phases of the heart cycle. 

1 12. A method for placing a target vessel of a patient's coronary 

2 vascular system in fluid communication with a heart chamber containing blood, the 

3 method comprising steps of: 

4 (a) providing a conduit including first and second portions that are 

5 disposed transverse to each other and have lumens in fluid communication, the first 

6 conduit portion including at least one inlet and the second conduit portion including at 

7 least one outlet; 

8 (b) placing the inlet of the first conduit portion in fluid communication 

9 with a heart chamber containing blood to allow blood to enter the lumen of the first 
10 conduit portion; 
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11 ( c ) positioning the outlet of the second conduit portion in fluid 

12 communication with the lumen of a target vessel at a selected location in the target vessel 

13 to allow blood to flow into the lumen of the target vessel from the second conduit portion; 

14 and 

1 5 ( d ) securing the second conduit portion to the target vessel at the selected 

16 location while substantially not moving the second conduit portion along a longitudinal 

1 7 axis of the target vessel. 



1 



10 



13. The method of claim 12, wherein the conduit is disposed along an 



2 exterior of the patient's heart. 

1 14. The method of claim 1 2, wherein the second conduit portion of the 

2 conduit is secured to the target vessel via a substantially suture-free, end-to-side 

3 attachment. 

1 15. A method for deploying a conduit to deliver blood from a heart 

2 chamber to a target vessel of a patient's coronary vascular system, the method comprising 

3 steps of: 

4 (a) providing a conduit including first and second portions each of which 

5 has a lumen, wherein the first and second conduit portions are disposed transverse to each 

6 other with the lumens in fluid communication and the second conduit portion is at least 

7 partially collapsible; 

8 (b) placing the lumen of the first conduit portion in fluid communication 

9 with a heart chamber containing blood; 
(c) at least partially collapsing the second conduit portion and positioning 

1 1 the second conduit portion at least partially within the lumen of a target vessel at a 

12 selected location in the target vessel; and 

1 3 ( d ) expanding the second conduit portion within the lumen of the target 

14 vessel at the selected location to secure the second conduit portion to the target vessel in 

1 5 fluid communication therewith. 

1 16. The method of claim 15, wherein the target vessel is at least 

2 partially obstructed by an occlusion and the conduit is disposed along the exterior of the 

3 heart adjacent the myocardium, and the second conduit portion has multiple outlets that 

4 direct blood toward and away from the occlusion. 
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1 17. The method of claim 15, wherein step (c) is performed by making 

2 an incision in a wall of the target vessel and inserting the collapsed second conduit 

3 portion into the lumen of the target vessel, and step (d) is performed by removing a 

4 restraining element that holds the second conduit portion in a collapsed state. 

1 18. A method for delivering blood from a heart chamber containing 

2 blood to a target vessel of a patient's vascular system by placing conduit in the 

3 myocardium, the method comprising steps of: 

4 (a) determining a thickness of the patient's myocardium adjacent a heart 

5 chamber containing blood; 

6 (b) placing a conduit having a lumen in the myocardium with the lumen of 

7 the conduit in fluid communication with the heart chamber containing blood; 

8 (c) placing the conduit in fluid communication with the lumen of a target 

9 vessel and securing the conduit to the target vessel; and 

10 (d) delivering blood from the heart chamber into the conduit and allowing 

1 1 blood to exit the conduit and enter the target vessel in more than one direction. 

1 19. A device for placing a target vessel of a patient's vascular system 

2 in fluid communication with a heart chamber containing blood, the device comprising: 

3 a conduit including first and second portions, wherein the first and second 

4 conduit portions each have an axis and a lumen through which blood may flow, the axes 

5 of the first and second conduit portions being transverse to each other; 

6 wherein the first conduit portion is configured to be placed in fluid 

7 communication with a heart chamber containing blood and includes at least one inlet 

8 configured to be at least partially positioned in myocardial tissue without collapsing 

9 during myocardial contraction; 

10 wherein the second conduit portion is configured to be at least partially 

1 1 positioned within the target vessel and includes at least one outlet adapted to deliver 

12 blood to the lumen of the target vessel; and 

1 3 wherein the inlet of the first conduit portion is more rigid than the outlet of 

1 4 the second conduit portion. 
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1 20. The device of claim 19, wherein the first conduit portion is at least 

2 partially formed of a rigid, non-compliant material, and the second conduit portion is at 

3 least partially formed of a compliant material. 

1 21. The device of claim 20, wherein the first conduit portion comprises 

2 a rigid, metallic member and the second conduit portion comprises a graft vessel. 

1 22. The device of claim 21 , wherein the graft vessel is joined to the 

2 metallic member and comprises a synthetic vascular graft material 

1 23. The device of claim 19, further comprising a reinforcing member 

2 that extends at least partially along the conduit and provides at least the second conduit 

3 portion and the outlet with a desired amount of rigidity. 

1 24. The device of claim 23, wherein the reinforcing member comprises 

2 at least one wire wrapped around the first and second conduit portions. 

1 25. The device of claim 24, wherein the wire is helically wrapped and 

2 has a smaller pitch length on the second conduit portion than the first conduit portion. 

1 26 . The device of claim 23, wherein the reinforcing member comprises 

2 at least one sleeve coupled to the second conduit portion. 

1 27. The device of claim 26, wherein the sleeve is formed of a rigid 

2 material selected from the group consisting of PEEK, polyurethane, polyethylene, 

3 polypropylene, stainless steel, titanium, tantalum and a nickel-titanium alloy, and the 

4 sleeve is located adjacent the outlet. 

1 28. The device of claim 19, wherein the axes of the first and second 

2 

3 



conduit portions are generally perpendicular such that the conduit is substantially T- 
shaped, and the first conduit portion corresponds to a first leg of the T having one free 

4 end while the second conduit portion corresponds to a second leg of the T having two free 

5 ends. 

1 29. The device of claim 28, wherein the second conduit portion is 

2 configured such that the outlet may be disposed and secured within the lumen of the 

3 target vessel without contacting the entire circumference of the inner vessel wall. 
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1 30. The device of claim 29, wherein the second conduit portion is 

2 generally semicircular in cross-section so as to leave the inner wall of the target vessel 

3 substantially uncovered. 



31. The device of claim 28, wherein at least one of the two free ends of 

2 the second conduit portion is expandable in at least one of an axial direction and a radial 

3 direction. 



3 



1 32> The device of claim 28, wherein at least one of the two free ends 

2 has a beveled tip for introduction into the target vessel. 

1 33 . The device of claim 1 9, wherein the first and second conduit 

2 portions meet at a junction that is less rigid than the first or second conduit portion. 

1 34, A device for placing a target vessel of a patient's vascular system 

2 in fluid communication with a heart chamber containing blood, the device comprising: 
a conduit having first and second portions each having a lumen, wherein 

4 the first and second conduit portions are disposed transverse to each other with the 

5 lumens in fluid communication; 

6 wherein the first conduit portion has a longitudinal axis and is sized and 

7 configured to be placed in fluid communication with a heart chamber containing blood; 

8 wherein the second conduit portion has a longitudinal axis and is sized and 

9 configured to be placed at least partially within a target vessel in a patient's vascular 

10 system to deliver blood to the target vessel, the second conduit portion including first and 

1 1 second ends adapted to be positioned in the target vessel; and 

12 wherein the longitudinal axis of the first conduit portion crosses the 

13 longitudinal axis of the second conduit portion at a location that is spaced different 

14 distances from the first and second ends of the second conduit portion. 

1 35. The method of claim 34, wherein the second conduit portion is 

2 provided with a selected amount of rigidity so as to be self-supportmg yet compliant 

3 when in an expanded orientation, while being at least partially deformable to a collapsed 

4 orientation for introduction into the lumen of the target vessel. 
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1 36. The device of claim 35, wherein the first and second conduit 

2 portions meet at a junction, the first conduit portion being more rigid than the second 

3 conduit portion, and the second portion of the conduit being more rigid than the junction. 

1 37. The device of claim 34, wherein the first conduit portion comprises 

2 a rigid member configured to be positioned in myocardial tissue, and the second conduit 

3 portion comprises a bifurcated graft vessel coupled to the rigid member. 

1 38. The device of claim 37, wherein the graft vessel comprises 

2 synthetic vascular graft material selected from the group consisting of expanded 

3 polytetrafluoroethylene, polyethylene terephthalate, polyurethane and silicone. 

1 39. The device of claim 34, wherein the second conduit portion 

2 includes a reinforcing member disposed adjacent one of the first and second free ends. 

1 40. The device of claim 34, wherein the second conduit portion has 

2 first and second blood outlets. 

1 41 . The device of claim 40, wherein the longitudinal axis of the first 

2 conduit portion crosses the longitudinal axis of the second conduit portion at a location 

3 that is spaced different distances from the first and second blood outlets of the second 

4 conduit portion. 

1 42. The device of claim 34, wherein the conduit is generally T-shaped 

2 and the first conduit portion corresponds to one leg of the T having one end while the 

3 second conduit portion corresponds to another leg of the T having two ends, and wherein 

4 the two ends of the other leg of the T define the first and second blood outlets and are 

5 spaced different distances from the one leg of the T. 

1 43. A device for placing a target vessel of a patient's vascular system 

2 in fluid communication with a heart chamber containing blood by forming a blood flow 

3 path between the target vessel and the heart chamber, the device comprising: 

4 a conduit having first and second portions each of which has an axis, the 

5 axes of the first and second conduit portions being transverse to each other; 

6 wherein the first conduit portion has a free end and is configured to be 

7 placed in fluid communication with a heart chamber containing blood, and the second 
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8 conduit portion has two free ends that are sized and configured to be positioned at least 

9 partially within the lumen of a target vessel in the patient's vascular system; and 

1 0 wherein the conduit is formed at least in part of a molded thermoset 

1 1 material having a predetermined amount of flexibility to permit the second portion of the 

12 conduit to be flexed for placement within the lumen of a target vessel. 

1 44. The device of claim 43, wherein the first conduit includes a 

2 member configured to be placed in myocardial tissue without collapsing during 

3 myocardial contraction. 

1 45. The device of claim 44, wherein the conduit is generally T-shaped 

2 and the first conduit portion corresponds to one leg of the T having one free end while the 

3 second conduit portion corresponds to another leg of the T having two free ends, and 

4 wherein the two free ends of the other leg of the T define first and second outlets adapted 

5 to be placed in fluid communication with the lumen of the target vessel. 

1 46. The device of claim 45, wherein the second conduit portion conduit 

2 is configured such that the outlets may be disposed and secured within the lumen of the 

3 target vessel without the second conduit portion contacting the entire circumference of the 

4 inner vessel wall. 

1 47. The device of claim 46, wherein the second conduit is generally 

2 semicircular in cross-section so as to leave the inner wall of the target vessel substantially 

3 uncovered. 

1 48. The device of claim 45, wherein at least one of the two free ends of 

2 the other leg of the T is expandable in an axial direction as well as a radial direction. 

1 49. The device of claim 45, wherein at least one of the two free ends of 

2 the other leg of the T has a shaped tip for smooth introduction into the target vessel. 

1 50. The device of claim 43, wherein the first conduit portion has a 

2 length in the range of from about 30 mm to about 50 mm, while the second conduit 

3 portion has a length in the range of from about 3 mm to about 20 mm. 

1 51. A device for delivering a conduit configured to be placed in fluid 

2 communication with a target vessel and a source of blood, the device comprising: 
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3 a support shaft having a length; 

4 a sheath having a length, a lumen, and a wall with at least one opening 

5 extending into the lumen; 

6 wherein the support shaft is sized and configured to be at least partially 

7 positioned in the sheath lumen so as to contact the sheath wall and substantially block the 

8 opening by preventing communication with the sheath lumen via the opening; and 

9 wherein the support shaft is movable within the sheath lumen to 
1 0 selectively block or unblock the opening in the sheath wall. 

1 52. The device of claim 5 1 , wherein the support shaft is an obturator 

2 having a size that permits the obturator to slide within the sheath lumen, and the sheath 

3 wall includes a plurality of openings. 

1 53 . The device of claim 5 1 , wherein the sheath is sized and configured 

2 to be received in a portion of a conduit that is sized and configured to be received in a 

3 coronary vessel. 

1 54. In combination with a conduit for use in placing a target vessel in 

2 fluid communication with a source of blood, a^delivery device for deploying the conduit, 

3 the combination comprising: 

4 a conduit including first and second portions, wherein the first and second 

5 conduit portions each have an axis and a lumen through which blood may flow, the axes 

6 of the first and second conduit portions being transverse to each other, 

7 wherein the first conduit portion includes at least one inlet configured to be 

8 placed in fluid communication with a heart chamber containing blood, and the second 

9 conduit portion includes at least one outlet configured to be at least partially positioned 

10 within the lumen of a target vessel to deliver blood to the target vessel; 

11 a delivery device including a shaft with a lumen and at least one opening 

12 extending into the lumen, wherein the second conduit portion is mounted on the shaft; 

13 wherein the shaft opening is movable into and out of alignment with the 

14 lumen of the first conduit portion; and 

1 S wherein the shaft opening is moved into alignment with the lumen of the 

1 6 first conduit portion to deliver blood from the first conduit portion to the shaft lumen. 
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55. The combination of claim 54, wherein the shaft is rotatable within 
the second conduit portion, and the conduit is generally T-shaped. 

56. The combination of claim 55, wherein the hollow shaft is a sheath, 
and further comprising an obturator rotatably positioned in the sheath. 
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